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 
Abstract—In this paper we describe one critical research 
program within a complex, ongoing multi-year project (2010 to 2014 
inclusive) with the overall goal to improve the learning outcomes for 
first year undergraduate commerce/business students within an 
Information Systems (IS) subject with very large enrolment. The 
single research program described in this paper is the analysis of 
student attitudes and decision making in relation to the availability of 
formative assessment feedback via Web-based real time conferencing 
and document exchange software (Adobe Connect). The formative 
assessment feedback between teaching staff and students is in respect 
of an authentic problem-based, team-completed assignment. The 
analysis of student attitudes and decision making is investigated via 
both qualitative (firstly) and quantitative (secondly) application of the 
Theory of Planned Behavior (TPB) with a two statistically-significant 
and separate trial samples of the enrolled students. The initial 
qualitative TPB investigation revealed that perceived self-efficacy, 
improved time-management, and lecturer-student relationship 
building were the major factors in shaping an overall favorable 
student attitude to online feedback, whilst some students expressed 
valid concerns with perceived control limitations identified within the 
online feedback protocols. The subsequent quantitative TPB 
investigation then confirmed that attitude towards usage, subjective 
norms surrounding usage, and perceived behavioral control of usage 
were all significant in shaping student intention to use the online 
feedback protocol, with these three variables explaining 63 percent of 
the variance in the behavioral intention to use the online feedback 
protocol. The identification in this research of perceived behavioral 
control as a significant determinant in student usage of a specific 
technology component within a virtual learning environment (VLE) 
suggests that VLEs could now be viewed not as a single, atomic 
entity, but as a spectrum of technology offerings ranging from the 
mature and simple (e.g., email, Web downloads) to the cutting-edge 
and challenging (e.g., Web conferencing and real-time document 
exchange). That is, that all VLEs should not be considered the same. 
The results of this research suggest that tertiary students have the 
technological sophistication to assess a VLE in this more selective 
manner.  
 
Keywords—Formative assessment feedback, virtual learning 
environment, theory of planned behavior, perceived behavioral 
control.  
I. INTRODUCTION 
HIS paper describes one critical research program within 
an overall complex multi-year project spanning January 
2010 to November 2014 inclusive that aims to improve the 
learning outcomes for first year undergraduate business 
students within an Information Systems (IS) subject. The IS 
subject is titled “Computer-based Information Systems” and is 
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a core unit within a Bachelor of Commerce degree program. 
The subject runs in both 13 week semesters of each calendar 
year, and has enrolments exceeding 1500 students per calendar 
year (semester 1/2013 enrolment was 912 students and 
semester 2/2013 enrolment was 650 students). Undergraduate 
first year students comprise approximately 98% of the IS 
subject’s enrolment. The male/female enrolment demographic 
is evenly split within the subject, and approximately 40% of 
enrolled students do not have English as a first language. 
Curriculum delivery comprises a weekly 2 hour lecture 
supported by a weekly 2 hour tutorial and consultation time 
from each of the 12 teaching staff. Each 2 hour lecture is 
audio/video recorded and made available to students for 
download via a Web-based content server. The IS subject’s 
learning outcome for all enrolled students is stated as follows: 
“By completing this course students will attain a basic level of 
computer and information literacy, a strong knowledge of 
computing fundamentals, as well as an awareness of the 
possibilities and limitations of existing technological 
solutions”. The two major components of the subject’s 
pedagogical content are: (1) a 50% assessment weighting on 
IS theory; and (2) a 50% assessment weighting on practical 
demonstration via advanced Excel spreadsheet theory and 
practice and Microsoft Visio representation of Business 
Process Modelling analyses (i.e., BPMN within Visio).  
The original motivation for the overall project was the goal 
to pedagogically manage the stark difference in results 
achieved by a majority of students in IS theory assessment, as 
compared with student results in the practical analysis via 
Excel/Visio/BPMN. In simple terms, the IS theory results 
were strong, whilst the practical results were below 
expectation. Preliminary research of this situation revealed 
that student attitudes to Excel and BPMN problem solving 
were quite negative. Student focus groups revealed a 
significant wariness of end-user programming and this in turn 
had caused a lack of confidence in a large percentage of the 
enrolled cohort. Further research revealed that students could 
not relate the overall learning outcomes of the subject to the 
specific challenge of Excel and BPMN problem solving. 
Students saw problem solving as a “black box” – they could 
not see a learning path which would take them from beginner 
knowledge level to near-professional competency. To date, the 
pedagogical management of this challenge has unfolded via 
discrete research programs realized over several calendar 
years – and ongoing. 
The first stage of the project (calendar year 2010) was to 
review and re-define more precisely student learning outcomes 
in relation to Excel theory and practice. This review and re-
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definition of learning outcomes utilized the Four Resources 
Literacy Education model described in [1], [2] as a normative, 
diverse-method (i.e. inclusive of many practices) literacy 
education model designed to apply across many disciplines 
(not just English courses). Excel theory and practice would 
now be presented to students as a new literacy competence 
with an associated spectrum of achievement levels as 
assessment milestones. The adoption of these learning 
outcomes, tightly coupled with newly designed assessment 
protocols, significantly motivated and empowered a majority 
of students within the subject, and this in turn produced 
improved learning outcomes – measured both qualitatively 
and quantitatively. The second stage (calendar year 2011) 
involved replacing the printed set text via the development and 
delivery of additional scaffolding of in-house developed 
pedagogical content via audio/visual (MP4) streaming/ 
download, delivered to students by a Web content server 
(Blackboard). These two stages have been described 
comprehensively in [3], [4]. 
The combination of these 2011 and 2012 initiatives 
positioned the subject delivery within a blended learning 
environment, that is, a combination of a face-to-face learning 
environment and a virtual learning environment (VLE). This 
blended learning for the subject which has been consistently 
described by students as producing a richer, more flexible and 
more engaging learning environment and this is producing 
measurably improved learning outcomes. The significant 
success of this blended learning environment led logically into 
stage three (calendar years 2012/13) of the project in which 
formative assessment feedback to a student is delivered via 
face-to-face contact (that is, the traditional delivery method) 
and via Web-based real time conferencing and document 
exchange software (Adobe Connect). It is this 2012/13 
initiative and the student attitudes to it that are described 
comprehensively in this paper.  
This research reported within this paper is predicated upon 
a three-tiered foundation: (1) virtual learning environments 
(VLEs), (2) formative assessment, and (3) digital recording/ 
streaming video technology within education. Consequently 
this paper will firstly provide in the next section a concise 
treatment of these this three-tiered foundation. The paper will 
then describe the research methodology that has underpinned 
the project and this paper. From this point, the paper will then 
describe the operational stages of the project, together with the 
analysis of results from each stage. 
II. THREE-TIERED FOUNDATION 
The foundation components of this research are virtual 
learning environments (VLEs), formative assessment, and 
digital video technologies within education. This section will 
review education sector developments with respect to these 
three areas and highlight where the literature points to a need 
for further research to extend existing theory and practice. 
This project has aimed to provide just such an extension.  
A. Virtual Learning Environments 
Virtual learning environments (VLEs) have been described 
in the literature since the late 1990s. Initially VLEs were 
described as “computer-based environments that are relatively 
open systems, allowing interactions and encounters with other 
participants” and providing access to a diverse range of 
resources [5, p. 8]. A VLE is distinguished from a computer 
micro world where the students individually enter a self-
contained computer-based learning environment and 
classroom-based learning environments where various 
technologies are used as tools in support of classroom 
activities [5]. VLEs are broader than computer aided 
instruction (CAI) because the VLE adds the communication 
dimension to a previously individualized learning experience. 
VLEs can therefore foster communities of learners and 
encourage electronic interaction and discussion [5]. VLEs 
have expanded the traditional learning environment 
dimensions of time, place, and space to now include the very 
important dimension of control – the extent to which the 
learner can control the instructional presentation [6, pp. 403, 
404]. 
B. Formative Assessment 
Formative assessment and summative assessment comprise 
the two components of student assessment, defined by [7], [8] 
as the measurement of the learners’ achievement and progress 
within a learning process. These two forms of assessment have 
a critical role in higher education [9, pp. 70-82]. Summative 
assessment (assessment of learning) measures what students 
have learned at some defined point within an educational 
course [10]. Formative assessment (assessment for learning) 
occurs during the course of instruction with the aim of 
supporting learning [9, pp. 76-77], [11]. Research in [12, p. 9] 
has described formative assessment as: “Practice in a 
classroom is formative to the extent that evidence about 
student achievement is elicited, interpreted, and used by 
teachers, learners, or their peers, to make decisions about the 
next steps in instruction that are likely to be better, or better 
founded, than the decisions they would have taken in the 
absence of the evidence that was elicited”. 
The convergence of formative assessment with Web-based 
technologies produces the concept of online formative 
assessment. This term is defined as “the use of ICT to support 
the iterative process of gathering and analyzing information 
about student learning by teachers as well as learners and of 
evaluating it in relation to prior achievement and attainment of 
intended, as well as unintended learning outcomes” [13, p. 
716]. The discussion in [14, p. 2337] defines online formative 
assessment very similarly. 
A most comprehensive literature review of the value and 
practice of formative assessment in online and blended higher 
education [14, p. 2335] can only identify 18 empirical studies 
“drawn from a wide range of publications in Europe, 
Australasia and North America”. This “paucity of studies” is 
available from a narrow discipline spread where “half of the 
selected studies were teacher education courses” [14, p. 2335, 
p. 2347]. The review suggests that further empirical research 
about online formative assessment via a systematic and 
rigorous approach is required in order to achieve useful 
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Fig. 4 University of Queensland Blackboard v On-Campus Data 
 
The University of Queensland survey revealed that 80% of 
students used the Blackboard content management system - 
the highest access statistic of any University or external 
service, exceeding web-mail (79%), Facebook (74%), 
university library database access, and YouTube (49%). This 
very much endorsed the findings in the literature review of 
[33] which “observed two complementary movements in the 
educational landscape: the merging of online teaching and 
learning into the stream of everyday practices at universities, 
and the increasingly salient role of distance programs in 
institutions of higher education”.  
During second semester 2013 it was decided to 
quantitatively survey via a TPB questionnaire the entire 
student cohort in the IS subject excluding those students who 
had already participated in the qualitative TPB trial. A survey 
questionnaire comprising trial-validated items was used. 
Students were asked to provide demographic information and 
respond to nine statements on the major constructs of the TPB 
model. The distribution of questions was as follows: attitudes 
to usage (ATU) – three questions; subjective norm (SN) – two 
questions; perceived behavioral control (PBC) – two 
questions; and behavioral intention to use (INT) – two 
questions. Each question requested student measurement on a 
seven-point Likert scale with 1 = strongly disagree and 7 = 
strongly agree. Participation in the survey was voluntary and 
subsequently 161 students contributed a completed survey 
(approximately 30% of enrolled cohort). Of all participants, 
56% were female with 44% male; 34% were aged under 19, 
51% were aged between 19 and 21, whilst 15% were above 22 
years of age. Of all participants, 51% were Australian, 37% 
were Asian/Indian, and 15% were European.  
The overall statistical analysis of the survey data initially 
focused upon examining the descriptive statistics of the 
measurement items and assessing the reliability and validity of 
the instrument in this study. This process was then followed 
by testing of the TPB hypotheses by assessing the model fit 
via various fit indices. Finally, the research model was 
evaluated. 
Descriptive statistics: The mean value of all variables is 
above the midpoint. The standard deviations range from 1.29 
to 1.6 and this indicates a medium spread of values around the 
mean. The skew index ranges from -0.82 to 0.22 and kurtosis 
index ranges from -.86 to 0.7 which meets the 
recommendations in [26] for the purpose of structural equation 
modeling. 
Convergent validity: Within this study, the following three 
procedures proposed [27] to assess convergent validity of the 
measurement items have been used: 
1) item reliability of each measure; 
2) construct reliability;  
3) the average variance extracted. 
The item reliability of an item was assessed by evaluating 
its factor loading onto the underlying construct. A factor 
loading of 0.70 is described in [28] as being acceptable. 
Construct reliability was measured using Cronbach’s alpha, 
with [29] recommending a value of 0.7 or greater. Average 
variance extracted (an indicator of convergent validity) 
measures the overall amount of variance that is attributed to 
the construct in relation to the amount of variance attributable 
to measurement error. Average variance extracted is 
calculated by averaging the square of the factor loadings 
across the number of factors for the underlying construct. 
Convergent validity is deemed to be acceptable when average 
variance extracted equals or exceeds 0.5. Table I shows that 
all indicators – excepting PBC factor loadings – met the 
recommended guidelines and therefore indicating that the 
convergent validity for the proposed measurement model is 
adequate.  
 
TABLE I 
CONVERGENT VALIDITY RESULTS 
Latent 
variable / 
Item 
Standardized 
factor loading 
(>0.70)a 
Average variance 
extracted 
(> 0.50)a 
Cronbach’s 
alpha 
(> 0.70)a 
Attitude  0.69 0.87 
ATU1 0.85   
ATU2 0.88   
ATU3 0.76   
S.Norm  0.62 0.76 
SN1 0.81   
SN2 0.77   
Control  0.51 0.57 
PBC1 0.61   
PBC2 0.66   
Intention  0.84 0.91 
BIU1 0.87   
BIU2 0.97   
a :Indicates an acceptable level of reliability or validity 
 
The research model in this project was tested using IBM 
AMOS 22. A variety of indices have been used to measure 
how well the proposed model reproduces the observed data. 
Firstly an absolute fit index value chi-square χ2 was used to 
evaluate the overall discrepancy between the implied and 
observed covariance matrices. Next the parsimonious index 
root mean square error of approximation (RMSEA) was used 
to take into account the model’s complexity. Finally the 
incremental fit index, the Tucker-Lewis Index (TLI) was used 
to assess the overall model fit relative to an alternative 
baseline model. The results of these tests were as follows: chi-
square (χ2) = 30.329, chi-square/degree of freedom (χ2/df) = 
1.443; RMSEA = 0.060; TLI = 0.983). All these values 
satisfied the recommended level of acceptable fit. 
Fig. 5 shows the TPB model with all path coefficients. The 
0
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paths to INT from ATT (β = 0.37), SN (β = 0.29) and PBC (β 
= 0.39) are significant at ρ < 0.1. A total of 63 percent of the 
variance of the endogenous variable INT (Behavioral Intention 
to Use) was explained by the exogenous variables ATT 
(Attitude to Behavior), SN (Subjective Norm) and PBC 
(Perceived Behavioral Control). This suggests that the TPB is 
an efficient model to predict the behavior of undergraduate 
students to use online Web technology to participate within a 
formative assessment feedback protocol.  
 
 
Fig. 5 Results from the structural model testing 
 
The significant values (0.37) shown for ATT -> INT and for 
SN -> INT (0.29) are not surprising. These significant 
mappings are reported in other studies (e.g. [32]) and it should 
also be noted that the qualitative TPB analysis in this research 
had identified that many students were well used to formative 
assessment from their high school experience and that they 
also positively rated its value in teaching/learning. Clearly 
these beliefs transfer across to online formative assessment 
feedback in the quantitative TPB study. However it is a little 
surprising to the researchers that PBC -> INT produced such a 
strong weighting (0.39) – a value that clearly confirms that in 
this study the students decision to adopt the online formative 
assessment feedback protocol was positively shaped by their 
self-belief to use the technology productively. There have also 
been several other studies (e.g. [32]) which have reported that 
PBC has no significant effect on INT. However [32] did also 
suggest in terms of future research that: “attempts could be 
made to unpack and clarify the role and properties of 
perceived behavioral control as a variable in the TPB.” It 
should also be remembered that one of the few previous 
studies [31] to examine the mapping of PBC -> INT had 
reported a significant correlation between the two variables 
but had postulated that the easier an information system is to 
use, the greater the belief is that the system will support 
information needs. On any reasonable assessment Adobe 
Connect is not mainstream or frequently encountered software 
– but still the students in this study (after a one-tutorial 
training session) were confident and positive about using it to 
obtain formative feedback. This suggests that virtual learning 
environments (VLEs) could now be viewed by researchers and 
practitioners not as a single, atomic entity, but as a spectrum 
of technology offerings ranging from the mature and simple 
(e.g., email, Web downloads) to the cutting-edge and 
challenging (e.g., Web conferencing and real-time document 
exchange). That is, that all VLEs should not be considered the 
same. The results in this paper suggest that the sampled first-
year tertiary business students have the technological 
sophistication to assess a VLE in this more selective manner.  
This study is limited on several grounds. Firstly, data-
collection was via self-reporting. This may have led to a 
situation where the associations between variables tend to 
become inflated. Our continuing research in this project will 
address this issue. Secondly, the sample students in this study 
were mostly Commerce/Business students undertaking an 
information system subject. This could have resulted in 
questionnaire being interpreted in terms of an expected 
“technology positive” response. This possibility could also 
limit the broad applicability of these findings to other student 
populations.   
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